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(71) We, CHEMISCHE WERKE 
HULS AKTIENGESELLSCHAFT, a Ger- 
man Company, of 4370 Marl, Germany, do 
hereby declare tbe invention, for which we 
5 pray that a Patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following Statement: — 
The invaitton relates to anti-clectrostatic 
10 moulding compositions and mouldings of 
polyolefins which contain f attyl add glycerides 
and glycerol 

It is known to incorporate polyhydric 
alcohols and fatty acid glycerides, simultane- 
15 ously with 3 to 20 per cent by wei^t of an 
adsorbent in the form of a pigment or filler, 
into thermoplastic materials such as poly- 
ethylene (U.S. Patent Specification 2,758,984). 
It is also known from German Published 
Specification 1,271,391 to mix polyokiins 
with monoglycerides and diglycerides con- 
taining less tban 1.5% of glycerol, to prevent 
haze formation in fihns. Finally, it is known 
to use fatty alkyldialkanolamines for the 
25 antistatic finishing of polyolefins, and in par- 
ticular to use the former either alone (U S 
Pateiit Specification 2,992,199) or in com- 
bination with further antistatically active com- 
pomds (German PubHshed Specification 
30 1,230,210 and German Published Specifica- 
tion 1,234,020). 

The use of polyhydric alcohols, such as for 
eKample glycerol, is completely unsatirfactory 
from the point of view of an antistatic effect, 
35 as will be shown later. On the otiier hand, 
glycerol esters show gready differing be- 
haviour. 

German Published Specification 1,927,677 
discloses ihat die monoglycerides of saturated 
Gia to Ci, fatty a cids can be used as anti- 
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stanc agents, but do not have a conspicuously 
good effect In order to obtain particularly 
effective monoglycerides, tJus German Pub- 
lished Specification proposes the use of C„ to 
Cij fatty adds and demonstrates that such 45 
products should be as little contaniinated by 
glycerol as possible. For this reason, a process 
for the manufacture of 100% pure mono- 
glycerides is also indicated. 

Fatty alkylalkanolamines remain practically 50 
completely ineffective at concentrations bejow 
0.2 per cent by weight Only in the case of 
high pressure polyethylene is a slight activity 
detectable. At higher doses, namely, >l%, 
ihey cause, on the otiier hand, stidqr, oily- 55 
smeary coatings on the surfaces of the mould- 
ings. Combinations with other antistatically 
active compounds hence represent a real 
necessity for these substances. 

For various reasons, it is desirable that par- 60 
ticularly the crude reaction products from 
glycerol on the one hand and longer fatty 
acids or their natural triglycerides on the other 
hand, which products m part contain a great 
deal of glycerol, should be rendered utilisable, 65 
though, according to the state of the art, there 
exists a prejudice against the use of glycerol- 
nch mixtures and against the use of longer- 
chain fatty acid glycerides. 

According to the present invention tiere are 70 
provided antistatic moidding compositions and 
mouldings of polyolefins, containing a mix- 
ture of 

(a) 60 to 96 per cent by weight of a glycerol 
monoester of a fatty acid with 12 to 26 carbon 75 
atoms, in which the content of diester and tri- 
ester is at most 25 per cent hy waght of Ae 
glycerol-glycerol ester mixture, and 

(b) 40 to 4 per cent by weight of glycerol 
According to a particiilar embodimait of 80 



the inventionj the mouldinp and moulding 
compositions can additionally contain 
(c) an amine of the foimula 



R— (OCH2-CHOH— CHs)r-N 



96 per cent by weighs preferably 70 to 90 
per cent by weight *0 

The glycerol (component (b)) is employed 
in an amount, relative to the total amount of 
anti-electrostatically active mixture of 40 
to 4.0 per cent by weight, preferably 30 to 
10.0 per cent by weight. 65 

As component (c), one or more amines of 
the formula ^ 



5 wherein R denotes an alkyt or alkenyl radical 
with 6 to 26 carbon atoms, Ri and Rj denote 
the radical (CJitxO% with x=2 or 3 and 
n= an integer ficom 1 to 7, and R2 can 
alternatively denote hydrogen, and »=0, or 1. 

10 The mixtures of compounds (a) and Qy) and 
optionally (c) can, on the one hand, be applied 
to the surfaces of the mouldings or moulding 
compositions (for example by dipping or 
spraying the mixtures, dissolved in water or 

15 organic solvents if desired). On the other 
hand, they can be incorporated into the mould- 
ing compositions suitably in an amount of 0.2 
to 2.8 per cent by weight, relative to the 
moulding compositions. 

20 Suitable polyolefins which can be provided 
with an anti-electrostatic finish by the addi- 
tives are, for example, high pressure and low 
pressure polymers of ethylene, propylene, 1- 
butene and 1-pentene, especially aU types of 

25 polythylene with ijred values of about 0.4 to 
4.0, corresponding to average molecular 
weights of about 20,000 to 200,000, poly- 
propylenes widi T/red values of about 1.5 to 7.0, 
comKponding to average molecular weights 

30 of about 150,000 to 700,000, and poly-1- 
butenes widi ijrei values of about 1.0 to 6.0, 
corresponding to average molecular weights 
of about 500,000 to 3,000,000, which are 



35 techniques (see R. Vierweg and A Muller, 
Kunststoffe-Handbuch (Plastics Handbook), 
volume IV, Karl-Hanser-Verlag, Munich 
1966), as well as any desired copolymers and 
polymer mixtures ibexeot 

40 The total content of the anti-electrostatic 
mixture in the moulding compositions and 
mouldings is desirably 0.2 to 2.8 per cent 
by wei^t, preferably 0.4 to 2.0 per cent by 
wdght 

45 As component (a) of the mixture of (a) and 
(b^ which is employed alone or as a further 
mixture with lie component (c), the mono- 
esters of glycerol and fatty adds having 12 
to 26 carfa^ atoms, especially 12 to 18 carbon 
50 afoms, and above all 14 carbon atoms, are 
used. These monoesters can still contain 
minor proportions of diesters and/or triesters, 
for example remaining from their manufac- 
ture. These proportions shoidd not exceed 
55 25 per cent by wegb^ relative to the mixftne 
of (a) and (b). The component (a) is employed 
in an amount, relative to the toM amount of 
' "r active mixture, of 60 to 



R-(0CH2-CHOH-CH,).N 



are employed, wherein R denotes an alkyl or 
alkenyl radical with 6 to 26 carbon atoms, 70 
preferably 10 to 18 carbon atoms, especially 
10 to 14 carbon atomsi Ri and Rj denote the 
grouping (CiHjxO)nH witii *=2 or 3, prefer- 
ably 2, ra=an integer from 1 to 7, preferably 
1 or 2, and R3 can alternatively denote hydro- 75 
gen, and z— 0 or 1. 

This component (c) is advantageously em- 
ployed in amounts of 0.05 to 0.8, per cmt by 
weight, prrferably 0.1 to 0.5 per cent by 
weight, within the total amount of anti-dectro- 80 
static additive (0.2 to 2.8 per cent by weight), 
based on the moulding or moulding composi- 
tion. 

The antistatically active glycerol-glycerol 
ester combination may be obtained either by 85 
glycerolysis of fats and oils, or by starting 
from the reagents, glycerol and fatty acid, 
which are in an anhydrous form. For example, 
tiie fatty acid may be heated with an about 
7-fold to 8-fold molar excess of glycerol to 90 
about 200 to 220°C (Hundeshagen, J. pr. (2) 
28, 225) or the Na salts or K salts of such 
fatty acids may be reacted with an «»■ or ,6- 
halogenopropylene glycol (see, for example, 
Guthe, Z.B, 44, 83), and the requisite amount 95 
of glycerol is in each case added finally. The 
following may be mentioned as usable fatty 
add components, arachidic add, eicosane- 
carboxyUc acid, behenic add, lignoceric add 
and e^cially lauric add, myristic add, pahn- 100 
itic add, oleic add and stearic add, whilst 
as glycerides contaimng appropriate amounts 
(rf glycerol, <at- or il3- or (ia-|-i|ff>glyc6rides may 
be mentioned, namely |(8-monoarachidin, ^- 
monobehenin, a-lignocerin, espedally of-mono- 105 
stearin, i0-monostearin, (ia+|(3')-monKtearin, 
^monopalmitin, (a+)|&)-monopalmitin, o!- 
monomyristin, nr-monoolein, (a+|/3')-mono- 
olein, and mixtures of these, such as (« or ^ 
or iir+|/ff)-monostearin/monopahnitin or (a or 110 
1/3 or io;-f-|/?)-monostearin/monoolein or (c or 

or a+iiff or «-|-||?)-monopalmitin/mono- 
stearin/monooldn or (a or 1/? or ia+jff)-mono- 
laurin/monomyristin. 

In the case of »=0, suitable amines (com- 115 
ponent (c)) may be obtained by oxyethylation 
or oxypropylation of appropriate amines which 
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have for example been obtained either from 
an alcohol via ±e halogenalkane or halogen- 
alkene, or been synthetised via a Hofmann add 
amide degradation, whilst in the cast of a= 1, 
5 suitable amines may be obtained by addition 
of appropriately oxyethyhted or ojcypropyl- 
ated primary or secondary amines to glycidyl 
etiters of the general f onnula 

R-^OCHa— CH— CHj 



10 in which R is as defined above. 

It does not require special underlining ±at 
in principle it is also possible for several 
representatives of this class of substance to be 
employed simultaneously. Suitable amines are, 

15 for example, the monoethylene oxide adduct 
of hexacosylaminci the di-(-ethylene oxide) 
adduct of nonadecyl - N - (i|9 - hydroxycthyl)- 
amine, the tetra-(ethylene oxide) adduct of 
hexadecylamine, the hepta(ethylene oxide) 

20 adduct of decylaniine, the penta(propylene 
oxide) adduct of imdecen - (10) - yl - amine, 
N - (3 - deq^loxy - 2 - hydroxypropyl) - N- 
ethanolamine, N - (3 - nonadecyloxy) - 2- 
hydroxypropyl) - N - diethanolamme and 

25 especially dodecyl-diethanolamine, tridecyl- 
diethanolamine, pentadecybnonoethanolamine 
and pentadecyldiethanolamine, hcptadecyl- 
monoethanolamine and heptadecyl-diethanol- 
amine, octadecyldiethanolamine, N - (3- 

30 dodecyloxy - 2 - hydroxypropyl) - mono- 
ethanolamine, N - (3 - dodecyloxy - 2- 
hydroxy - 2 - hydroxypropyl) diethanolamine 
and the bis-hepta(ethylene oxide) adduct of 
hexylamine. 

35 The antistatically active substances are 
appropriately incorporated into the polyolefin 
wWch is in a pulverulent form, for example 
wiii the aid of a simple mixer. The resulting 
mixture may then be charged into the pro- 
40 cessing machines either directly or after prior 
densification into granules, and shaped in the 
machines within the temperature range of 120 
to 300°C applicable to polyolefins. In order to 
achieve good and rapid distribution, it is some- 
45 times advantageous to introduce the antistatic- 
ally active compounds in a dissolved form. 
It is also possible to incorporate the antistatic 
agent into the polyolefin directly on a mill or, 
for example, in an extruder in the case of 
50 injection moulding. 

Another method which has proved success- 
ful is firstly to manufacture granules of high 
concentration of antistatic agent and to bring 
these to thn desired content of antistatic agent 
55 on processing by admixing granules which are 
free of additives. 

It is possible to add further additives which 
are otherwise customary in plastics processing, 
for example dyestuffs, stabilisers, plasticisers, 
60 extenders and fillers as wdl as lubricants. 



Customary stabilisers which may be men- 
tioned are phenolic antioxidants, such as for 
example 2^' - thio - bis - (4 - methyl - 6- 
tert . butyl - 5 - octylphenol) (0.1 to 0.2 per 
cent by weight), optionally together with sd- 65 
phur-containing compounds, such as dilauryl 
thiodipropionate. 

It can also be advisable to add to the poly- 
olefin additional substances which prevent a 
sKght yellowing of the amine component on 70 
prolonged exposing to high temperatures. 

Suitable stabilisers of this nature are, for 
example, esters of phosphorous acid, especi- 
ally didecylphenyl phosphite, decyldiphenyl 
phosphite, triphenyl phosphite, tris-(nonyl- 75 
phenyl phosphite, and tris((nonylphenol-f-9 
mols of ethylene oxide) phosphite, which are 
added in amounts of 0.01 to 0.4 per cent by 
weight relative to the polyolefin. An addition 
of alkanesulphonates, for example sodium 80 
pentadecanesulphonate, also has a flavourable 
effea in the same way. Approx. 0.01 to 0.4 
per cent by weight, relative to the polyeolefin, 
are required for this purpose. 

These additives as a rule do not influence 85 
the antistatic effect Should such nevertheless 
sometimes be the case as a result of a very 
high proportion of filler consisting of chalk, 
glass fibres or asbestos a somewhat higher 
proportion of the anti-electrostatically active 90 
additive easily and rapidly provides a remedy. 

The anti-electrostatic behaviour of the 
moulding is ascertained, inter alia, by means 
of a simple manual test which can be em- 
ployed quite generaEy for assessing the anti- 95 
electrostatic behaviour of goods which have 
been provided with a finish, and which is 
referred to briefly as the ash test. The result 
of this ash test is regarded as positive (sign 
"+" — it thus relates to the effect of the 100 
incorporated substance), if, at 50% relative 
humidity and 23°C3 the vigorously rubbed 
article no longer attracts ash particles at a 
distance of 1 cm from the support on which 
the ash rests. Further, ±e sign — denotes 105 
that ash is attracted to a great extent, and 
(~) that ash is still attracted. 

In this test, observation of the atmospheric 
humidity is above all of importance for an 
objective assessment:, since the humidity in- 110 
fluences the charging behaviour to a very 
particularly mark^ extent. 

It is surprising here that mixtures of (a) 
and (b) give an excellent and reproducible 
anti-electrostatic effect within -die range 115 
claimed. What is above all surprising is how- 
ever that glycerol, which when used by itself 
is compktely ineffective, represents the 
decisive parameter in this synergism. It is also 
valuable that, as a result of an additional 120 
synergistic effect, the amines (component (c)) 
inake it possible to reduce the concentration 
relative to the amine-free glycerol-glycerol 
ester mixture. 
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The Tables which follow make clear what 
has been said about die qmergism; in particu- 
lar. Table I firstly compares rectangular dish 
mouldings of partly crystalline propylene 

5 homopolymer and copolymer treated in differ- 
ent ways (Examples 2 to 20), both with one 
another arui also with the base material whidi 
has not been provided with a finish (O-samples 
in Example 1). Table II (poly-l-butene) and 

10 Table HI (polyethylene) are compiled similar- 
ly. In each case, the O-samples are given first, 
with data regarding the density and the i]ni 
value of the polymer used, with the reduced 
specific viscosity relative to c=0.1 at 110°C 

15 in p-xylene. 

Apart from the ash test, the surface resist- 
ance (measured according to DIN 5343) and 
the decay, followed by means of a measuring 
head according to Schwenkhagen (see Textil- 

20 praxis 12/11, page 1147 (1957)), of the charge 
produced oa the test specimens suspended in 
a clamping device by rubbing diem vigorously 
with a cotton doth, represent the most im- 
portant criteria. 

25 Firstly, Table I shows that the high surface 
resistance and hence the charging behaviour 
of the starting material (Example No. 1) can- 
not be favourably influenced by adding 
glycerol (feample 2). Whilst the use of gly- 

30 cerol monoesteis is able to reduce the surface 
resistance, it can only do so to a very unsatis- 
factory extent (Examples 3, 4 and 6). Equally 
imsatisfactoty results are also obtained if 
lauiyldiethanolamine or N - (3 - dodecyloxy- 

35 2 - hydroxypropyl) - ethanolamme is employed 
in a concentration according to Example 13, 
by itself or combined with glycerol or glycerol 
monoesters (Examples 14 and 15), though 
here admittedly the somewhat more favour- 

40 able behaviour of the combmation with mono- 
esters (Example 15) as against that with 
glycerol (Example 14) again becomes notice- 
able, analogously to Example 2 and 4. 
Highly surprising findings are undoubtedly 

45 those of Examples 16 to 18. These quite un- 
mistakably concern synergistic effecte which 
— as is shown by Example 18— are not 
unfavourably faifluenced even by the presence 
of amounts of diesters and triesters which are 

50 to be regarded as an impurity from the manu- 
facturing process and which by themselves are 
again completely inactive, analogously to 
glycerol, this absence of an unfevourable in- 
fluence applying as long as the proportion of 

55 diesters and triesters in the glycerol-glycerol 
ester mixture does not exceed 25, and prefer- 

x) very slow: 1 
slow: 

115 rapid: 1 

very rxipid; ] 

XX) - = i 

■: i 



ably dos not exceed 20, per cent by weight 
(comparison Example 20). If die glycerol con- 
tent exceeds 40 per cent by weight, relative 
to the glycerol-glycerol ester mixture (Exany)Ic 60 
7 and 19), die total effect of the combination 
is lost For optimum mixturesj the glycerine 
content should not exceed 25 per cent by 
weight and should not be less than 10 per cent 
by weighti of the glycerol-glycerol esttr mix- 65 
ture. 

If, in particular, it is less than 4.0 pe^ cent 
by weight, an increased activity relative to 
Examples, 3, 4 and 6 is no longer detectable. 

Table I furdier shows that in a comparison 70 
of the acyl-radicals m the monoglycerides with 
one another, those widi 12, and especially 14, 
carbon atoms prove best (Examples 8 and 11). 
Higher fatty acid radicals can also still be 
used Examples 9 and 10). Compounds witii 75 
fatty add radicals which sa6 too short are ot 
litde use if glycerol is used conjointiy 
(Example 12). 

Table II summarises the results in relation 
to injection mouldings of poly-l-butene. It 80 
is conspicuous that in comparison to poly- 
propylenei somewhat higher doses are required 
here to obtain results agreeing approximatdy 
with Table I. Again Example 4 and -- m 
agreement therewith — Examples 7 and 8 85 
shovi a distinct synergism which in the light 
of die findings of Examples 2 and 3, as well 
as 5 and 6, represents a real surprise. Com- 
parison Example 9 shows that the presence 
of major amounts of glycerol, analogously to 90 
Examples 7 and 19 of Table I, has an un- 
favourable effect 

Table III diaracterises the behaviour of 
blow-mouldings and blown films, of a low 
pressure polyethylene of the nature spedfied 95 
in Example 1, which have been treated in 
1 various ways. It is seen that a glycerol-glycerol 
ester mixture according to Example 4, consist- 
ing of 85% of glycerol monolaurate and 15% 
of glycerol, is distincdy superior to ±e effect 100 
of the individual components (compare to 
Example 2 and 3), and lliat combinations with 
amines of the nature indicated ^xample 5 
and 6) allow the concentration of the additives 
to be reduced further. In the case of the manu- 105 
facture of flat fihns (Example 7) a total con- 
centration of 0.7 part per 100 pans of the 
r polymer already suffices to reduce the surface 
resistance to lO'H and hence to achieve a 
satisfactory antistatic bdiaviour. 110 
[ The terms and signs used in the tables 
denote: 

half-life >120" 
half-life > 60", <120" 
half-Ufe > 10", < 60" 
half-life > 10" 
ash is strongly attmcted 
ash is still attracted 
no ash is attracted 
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WHAT WE CLAIM IS: — 

1. Anti-dectrostatic moulding compositioEs 
and mouldings of polyolefins, coataining a 
mixture of 

5 (a) 60 to 96 per cent by weight of a glycerol 
monoester of a fatty add with 12 to 26 carbon 
atoms, which contains at most 25 per cent 
by weight of diester and tiiester rdative to the 
glycerol-glycerol ester mixture, and 

10 (b) 40 to 4 per cent by weiglit of glycerol. 

2. Anti-electrostatic moulding compositions 
and mouldings according to Claim 1, addi- 
tionally containing 

(c) an amine of tiie formula 

Ri 

15 R— (OCHj— CHOH— CHj>-n'^ 
\ 

R. 

wherem R denotes an aUsyl or alkenyl radical 
with 6 to 26 carbon atoms, Ri and Rz denote 
the radical (CiHaxOXH where x denotes 2 
or 3 and n denotes an integer from 1 to 7, 
20 R2 may also denote hydrogen, and z denotes 
0 or 1. 

3. Anti-electrostatic moulding compositions 
and mouldings according to Qaim 1 or 2, 
containing 0.2 to 2.8 per cent by weight, rela- 

25 tive to the mouldings or moulding conqmsi- 



tions, of the mixture of (a) and (b) and 
opticmaUy (c). 

4. Anti-electrostatic moulding compositions 
and mouldings according to Claim 3 contain- 
ing 0.05 to 0.8 per cent by weight of (c). 30 

5. A mediod of improving the anti-electro- 
static behaviotur of a polyolefin moulding or 
moulding composition which comprises apply- 
ing to the surface of the moulding or mould- 
ing composition the mixture of (a) and (b) and 35 
opticMjally (c) as defined m claims t and 2. 

6. A method of improving the anti-electro- 
static behaviour of a polyolefin moulding or 
moulding composition which comprises in- 
corporating into the moulding composition the 40 
mixture of (a) and (b) and optionally (c) as 
defined in claims 1 and 2. 

7. Anti-dectrostatic moulding compositions 
and mouldings of polyolefins substantially as 
described witii reference to any of the fore- 45 
going Examples 8 — 11 and 16 — 18 of Table 

I, Examples 4, 7 and 8 of Table II and 
Examples 4 — 7 of Table III. 

J. Y. & G. W. JOHNSON, 
Fmnival House, 
14—18, High Holbom, 
London, WCIV 6DE. 
Chartered Patent Agents, 
Agents for the Applicants. 
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